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ADVANCE CONFIDENTTAL REPORT

TEHO=DTMENSTONAL WIND~-TUNNEL INVESTIGATION OF

0.2C0~ATRFOTIL~CHORD PLATH AITLERONS OF DIPFERENT
CONTOUR ON AN NACA 651-210 ATIRTOIL SECTION

By #illlam J. Tméerwood, Albert L. Braslow
and Jones F. Cakill

An invostigation wes -zads of three Interchangeable
sealzd-gep 0.20-airfoll-chord plain ailerons of different
cortour on the NACA 55 ~2lO sirfoil s=3ction. The three
aileron contours test=d wers the true airfoil contour,
straight siﬁes,andfaOﬁdeleﬂ trailing cdge. The effects
of aileron contour on tre section asrodynamic charactar-
istics of the alrfoil and allisron ars uresenbtsd herelil.

-

The rosults of the tests indicatad tkhat th 1ckrn1n»

or bev=ling the aileron tralling =dge by t
inves tvguu\ﬂ vould decreass tlhi: ailzron efl
the rate of ckangze of stctlion 1irft cosfiic

sscetion sngle of attacl, and Thv waxinum sectio
coe LLICva+ would increase positive rats of
of ssction h“ncﬁ—wom“nt coeffic isnt with both sec+10n
angla of attack and allsron feflo sction: would shif
asredynaric centsr forwerd; and wquji c ;

cant change in the section vrofilz-drag
ailleron nsutral or in the incremsut of s
moment coefriciznt induced by aileron de
constant 1ift. fhe balarcing action of
the loss. in ailsaron effectivensss causcd
trailing =dge were accentustad by ths

standard. 1z ddlng-mﬁvﬁ cughness te ths
computed oharacterlqtlns of the tiires
balanced milercns, bassd on Lbe date
moment and ssal-oressure-dif ence
plain.ailerons, showed an oor ciable

contour on the hinge moments at the la
tionms sven though allﬂthree ailerons w=
have the-same hinge-women t slope at sma
tions.
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2 TR NACA ACR No. L5SF27
INTRODUCTT ON

The use of thin airfoil ssctions to deler the effects
of compressibility on the wingsof modern high-performencs
eirplanes has smphasized the need for data on the ssaro-
dynamic characteristics of ailsrons on thin airfoils. The
effects of aileron contour on the asrodynamic charscter-
istlcs of ailsrons have been shovn previously by invssti-
gations of 2 liwxitad number of airfoils eguipped with
control surfaczs. Since very little section “ﬂfouyq“mLc
data ars available for ailerons on thin KACA b-seris

(/)

airfoils, tests were made of an MNAJ4L 65,-210 alrfoil
eguinned W'th three interchangeable sealsd-gep 0.20-sirfoil-
chord plain ailerons of different contour.

The investigation was meds in the Langley tvo-
dimensional Jow-turbulence pressure turnel. The thres
allerons tested differ only in contour snd are designated
herein egs true-contour, straight-cided, and bQVu cd
ailerons. The hinge woments and effectivensss of the
aileron and ths pitching-moment and profile Qr 2 char-
acteristics of the airfoil wsre dete ssts were
made with the airfoill surfacs asrcdy mooth and
with stendard roughness zoplizd to t sdge of
the airfoil. The differentiel precs the
aileron ssal were obtain=d for uge i: ng ths
hings-voment chargcteristics of aile eny
amount of scalzsd internal Lulance.

7

e alrfoil ssction 1ift coeffiniznt -

[2 q.n
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cq alrfoil section profils~drag coefficicnt —
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Cpy } airfoll ssction pitching-moment coefficient about
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NACA ACE No. L5F27 L
Ap/qo gseal-pressure-difference coefficient; positive
when pressure below seal is greater than
pressure above seal
ch alileron section hinge- momepu coefficient based
on aileron chord (I })
qo
Cu 2ileron section hinge-moment ccefficient based
' : . h
on airfoil chord -—§
d5¢
wliers
2 girfeoll 1ift ner unit sonan
(SPR girfoil profile drag o2r unit span
pie] girfoil pitching morent per unit span
h aileron hiinge rmomant ger tnit epan; pos itive
when ailaron tands to uefW'nt dOWn rar
c chord of airfoil with alleron neutral
Cq chord of allerorn bahind hinse axis
, A
: free-straom dynamlc prasssure ip v e
qr"\ Lsree-=sulalm ar AMLC Pressure PR
/
Vo, frese-straar velocity
po free-atream density
and
a girfoil section angle of attack, degrees
o aileron deflzction with rcecspect to airfoil,
degrees; positivs vhen trailing =dge 1s
ceflzcted downward
R Feynolids numbar
cy =
a \an/g
a
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aileron section =2ffsctivensss parasneter
in airfoll ssction angzlz of sttac
‘n gileron deflzcticn
aitleron ssction affectiversss naramitbar
7 2 K3 - . - a r o R : .
{ratio of Incremant of alrfcil scction
erwle of attacly to ineremznt of ailzron
deflection reguired to maintain con-
E PR Y
atent 1ift cosfilicisnt)
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o] total ESE in steady roll
hgp - 7777 dBg :

n response perameter (reference 1)
(Ach)6 increment in alleron section hinge-moment coef-

ficiant due to ailsron deflection at a constant
section angle of attack

(Ach) Incremsnt of alleron section hinge-moment coef-
a flclent due to chsnge in ssction angle of
attack at constant alleron deflectlon

Acy Increment of total alleron section hinge-momrment
T coeffilclsnt in steady roll
AOI.T

—_ alleron szction hlnge~moment paramater
<
ACI.O/Aﬁa

The subscrlpts to pertlal derivatlives denote the
variables hald constant when 1lhe partiel dzrivatives
were taken. Ths derlivativss weres measured at zero angle
of atteck and zero alleron daflectlon.

I'ODEL

The model had e 2L-inch chord and a 35.5~-inch span
and was constructed of lemlnated mahogany with the excep-
tion of the interchengeable allerons, which were constructed
of solid dural (fig. 1). Ordinates of the NACA 65-zLO alr-
foll section are glven in table TI.

Thes three allsron shszpes tested are shown in flgure 2
end consist of the true alrfoil contour, straight sides,
and a beveled tralling edge. The ordinates of the true-
contour elleron were the same as the ordirates given in
tabls I for the trailing-edge rart of the NACA 657-210 alr-
foll section. The contours of the stralght- sided and
beveled allerons wsre formed by straight lines as shown
in figure 2. A rubber seal was used at the gap at the
nose of the alleron.

For the tests of the smooth alrfoll, the model was
filnished with MNo. 0O carborundum paper to produce aero-
dynewically smooth surfaces. For the tests of the air-
foll with standard leading-edge roughness, the model
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surfaces were the same a3 those of the smooth airfoll
excout that 0.0l1l-1nch carborundum grains were saspplied
to both sarfaves at the leaeding edgon over & surface
lengtr of C.08¢ messured from the leading edg>s. This
roughness is defined in refersnce 2 as the standsrd
rougkness for a 2l-inch-chcrd mcdel.

LPPLRATUE AXD TECZT

The 1ift, drasg, end pltching moment of tne wodal
were measured by th2 rethceds decscerined In referencs 2.
Ths &llaron ht Lge-morent msesuremsnts ware made with
elsctrical-resistance strain weces *ountad on the beams
that supportad the alleron. This method of wmounting
eliminated ths possibllity of fricticn due to ths use nf
bearings et the ailercn hinzs aris. fThe pressure 4if-
forence acrozs thes z1leron ssal was neasurad wlth surface
static-pressure oriilces located iuside the gap ebove
end below the flsxible rubbsr cesl.

Tests of the model with =ach of the three allerons
were made in the Largley two-dimrensional 1owaturbulence
pressure tunnel at feyanlds numbers of 1x 10° e&nd
9 X 10° snd at Mach numbers of 0.77 snd 0.17, respoc-
tively. The *ests Included zeasurements of 1ift, ailsron
hinge moment, ellaron balanzs pressurs, and a‘rfoil
plteking nomant for each slleron deflscted in Incre-
ments of 5° betwreen -20° and 20°. Drsg messurerents
ware wadr at hoth Peynolcées numbers through tha comlete
range 2f elleron daflecticn for the modzl wilth ths true-
contour alleron ani, for ths models with the strniéhz-sided

and bevsled allerons, at a R2ynolds nunbrr of G x 10

and &g = Q0 rnly. In mddltlon, the model with each of
the thrse allsrons wes test:d at a Feyanolds rumber of

© x 10° with stendard roughn:ss =-pliszd o the lsading
edee of the eirfoil., ‘tor tho sirfoll with leadin;-adgs
roughn:ss, oniy 1lift, allsron hinge wom~nt, snd atleron
balance przssurs ware metsursd through the range of
alleron deflectlons.

Ths following fectors wers: apnlisd to sorrsct the
tunnel data to fres-sir condltions:

2y = 0.97701’I

ca, = 0.99key
T
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qo = 1-006qg'

%

1.015a,"
whers the primed quantitlies represent the values measured
in the tunnel (reference 2).

PRESEETATIOE OF DATA

For use 1In alleron design, bsalc sectlon data are
presented for a range of alleron deflaction in figures 3
to 9 for the true-contour aileron, in figures 10 to 1§
for the straight-sided eilsron, and in figures 16 to 21
for the beveled aileron. These figrres include data for
the alrfoll with aerodynemically smcoth surfeces and with
stendard roughness epplled to ths leadlng =dge.

These baslc section data mey be used to predict the
sectlon hinge-moment cheracteristics of allsrons of similar

contour and chord with any amount of ssaled internsl
balance by the followlngs ejguations:

. 2 é]
_Av | [evF _ [t/2
Acha T 2q, l.(-c—a-> (é) | (1)
L

c = cp + Azy o (2)
Repalanced ailsron 85lain ailleron a

where

Acy, lnerement 1n alleron section hlnge-roment coef-
a ficient rroduced by sn internsl-balance

arrangement

Cp chord of overhang from eilarcn hirge axls to
middle of scaled gap .

Cg chord of aileron behind binge axls

t twiz2 nose rsdlus of plsln aileron
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Equation (1), in which the overhang 1s assumed to extend
to the middle of the gap, can be used Tor determining
the overhang moments of sealed internally balanced
allerons of normal conliguration, that 1s, ailerons for
which the overhanz extends strailzht forvaerd into the
balanco chanber and the sealed gap wldth 1s small.

The date obtsined at s Leynolds nurber cof 1 X lO6
arc not so accurgte &s those obtairsd at & Reynolds
nunber of 9 % 10° hegcause of the small dynamie pressurs,
Tiite results for the lower Reynolds numbsr, however, are
belisved to be useful for inilcsting qualltative effects
of Reynolds nurber on the aileron charazteristics in

thes range of Peynolds number from 1 x 107 to @ X 106.

The effects of sileron contour on sectlon char-
acteristics are comgared by means of section paramcters.
Varietions of these nersmetzrs znd cosflficients witk other
independent varlables sre ores:tented in greshicsl and
tabuvlar form.

Tha focllowing discussionérefere tn the data obtelned
at & Taynolds rumber of ¢ X 10 with thie slrfoll surfaces
aarodynamlically swocth unless otherwiss stated.

DISCUIETOX

Alleron Effectivensss

The effects of £ilarcn contowuw are shovn in trdle II
for the ailsron ssction effsctivensss paraweter a5 and
for ¢4 end in figurs 22 1in which a5 13 nlotted against
6, at & ccnstant cj. Thlelksnlng ©r havelin:- the Lra.ling
edze of the alleron resulted in a dscreass in both dp
snd cCy_. The vzlue of the c¢ffectivenesc pararstsr ag
of sach of th> thros allercns testod was slightly ;reater
than ths veluos (-2.L50) obtained for e 0.2Cc pleln silsron
of trus airfoll contour en sn I'AZA C002 sirfoil section
(reference 3)., Thas rercent losc in asg Jdue tn trailing-
edge wodifications to the trus~contour allsron 1s ziven
in the following table:
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Alleron Atrfoll
Smoo th Rough
True-contour o] L.7
Straight-sided 1.5 L.7
Beveled 2.5 12.1

Aa
The valuve of the effectivaness parareter (}E§{>
/8 =t20°

when massured over a range of alleron deflsction of *20°
at a constant sectlon 1lift coefficlent of 0.20 was greater
for the stralght-sided elleron o1 tke alrfoil wlith a swmooth
surface or with leedlng-edre roughnecss than for the other
twvo allerons. The value of this parameter for the bevsled
allernn wes also greatsr than for the trus-contour aileron
with the airfoll smecotlh but wss lovasr with standard
leadinc--edge rousliress eppiied to the alrfoll. 4An
increase 1n tke sectian 1l1ft cesfficlent from 0.20 to
a

0.£0 cuue=d the =1fzctivensss raremcter §32>

8/8,=£20°

to decrecse for the true-contour sileron snd to lncre:zse
for the stralght-sided and bevsled ailerons. The value

Aa
of <}_i) ior the beveled eileron ls question-
3=%20°

Y]
a
able because o a jor In the 1lift curve at c¢; = 0.80 and
6g = 207 (flg. 16(b)). The sileron effectivenass
decreased slightly when the Reyngolds nurter was

incrsased from 1 x 10° to 9 x 10°, as shown in table II
and figure 22.

Alleron Hinge loments

Saction charuacteristics.~ The effect of alleron

contour on verious aileron ssction hinge-moment paramcters
1s presented in table II. Chenpss in the alleron contour
from the trus 2irfoll -=-nteoar tc straight sides or to a
bevelsd tralling edge increased the values of cp

and Chg " positively. Tt 1s evident from figurs 17(b)
L
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that the exect wvalus of Ch at a, = o° for the

a
beveled ailleron is considersebly less than 0.0069 as
given in teble IT but, becsuse of the sharp changes in
the variaticn of ¢, with a, near a sectlon angle of

attack of 0°, an avaereze slope wes used for cha

between valuvss of a, of -2° &nd 2. An increese in

the Reynolcds number Ifrom 1 X 106 to O x 106 arovidsed a
positive lncrecse 1in cha for 811 thres sllasroins and

in ¢ for tho beveled ailsror onlr (tabie IT). A
hg

commarison of the alleron hiancerzmomant characterlstics
for a Reynolds nuxber of 9 X% 10°% (figs. b, 11, end 17)
shows that es thie alleron was Lhlckered and bevelnrd
neer tks tre!ling edaze, abrupt chang=s in ¢),, occurred
In the low engle-of-attack ranzge.

£ comrperliacn of flgures 17 &nd 20 shows that the
abrupt changss in 2y for ths bevsled alleron dlsappear
when rouzhress ls s2sniled to the l:2ding edge of the
airfoll. The hings-roment characteristizss of a beveled
alleron, tkersfors, mey bc sensitive to wlng-surface
recughness.,

Data showing the variation of the Increments of ¢
and ¢y wlth changes in tralling=-efece sngle of varlous
allerons on some KACA airfoll =sections are given in refer-
ence i. Tvhren based on the change in tralling-edgs argle
from the true-airfoll contour, the incremernts of ¢, and

cy for the straight-sided and beveled sllerons wiﬁh the
alrfoll elthar smooth or with standard roughns=s asplled

to the lesdling-edge fgll within thz exnerimental scatter
of the date of refarencs L.

The effects of Feynolds nwrber on ,:.n/q0 cen he
sezn In figyre 22. Lin, !ncrease Iln the Reynolds number

from 1 X 1CY to G X 10" deeorensed the avsilable pressure
difference s2rocss ths ailecron sesl.

pasie for comarizon.- T=e raete of roll genarated by
the alleronr has an irporitsnt efiect on the hinge moment
becususe the rate ol roll eltz2rs the aean angls of attack
at which the alleron is orsrating. TFor conparlseon of
ailerons from section <eata, therzfore, the allesron hirge-
moment characteristics are usually determinad ty use of
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the constant-11ft’ concept,’ that 1s, the assumption that
the alleron portion of the wing acts at constant 1i1ft

In reference 1, however, Gates

and Irving indicated that the constant-11ft concept
overstresses the 1mportance of the hinge-moment parameter

during a stesdy roll,

Cha

and gave the equation for the rate of chenge of the

hlinge-moment coefficlent wlth alleron deflection in

steady roll es

(\
Jh .
O

ratkzr than

L)

Chbé +

cha
ch5 1 - n°h5

(3)

(L)

which ia the equatlon for the constant-1ift conzent.

Altkhoush eguetion (2) ir

1 nadegquate for coputing

finite-=sran ckearacteristics, it 12 satlsfactory for

compering tlle three silerona of different contour.

In

order to simplify the =pplication of eguation (3) to

aonlliaecr curves,

AcH by
(o]
A GHT =

c

the

a

—>27 (on) |*

pl
25

“~

(Ach) @
—AJ-QAEQ_ (Ach)5 '

-

-

uetion was converted to

\

-

(%)

A typilcal value of 1/5 is given for n 1in reference 1.

The value corresponcs to sgsvsrsel wing-alleron combirnations,
one of vhich is a wing wlith an aspect ratio of 9 and with
a 0.20¢c alleron having an equsl up-snd-down deflection

and extanding from155

The value n =

percent semispan to tne wlng tip.
was used 1n equatiosn (5).

The

mathod of analysis used hersin 1s considered sultable
for comparing the reletive merlits of ths three sllsrons.

The analysls is presented in the form of thes equlva-

lent chrnge in section angle of attack Aagy

required to
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maintain a constant section 1ift coefficient for various
deflections of the aileron from neutral. The hinge-moment

parsmeter -——lﬁl—-, which is the ratio of the increment
Aa,/Abg
in hinge-moment coefficlent in steady roll (equation (5))
to the slleron effectiveness, 1s plotted against the
equivalent change 1n angle of ettack. The method of
anelysls takes 1lntc account the aileron effectiveness,
the hinge moment, and the possible mechanical advantage
between the controls and the sllerons. The span of the
allerons and possible effects of three-dimensional flow
are not considered except as indicatsed in equation (5).
The smaller the value of the linge-moment parsmeter for
a given value of Aa,, the more advantageous the combina-

tion should be for providing a lower control force for a

given hellx angle of the wing tip g%.

Plain aileron.- In order to compare the plain aillsrons
of dfferent contour, values of the hinge-moment paremeter

Ac
A

are plotted agalnst Aa in figure 2%3. Figure 2
aay/a5, P g o 2 5 g 3
Indicates that thlckening and beveling the trailing edge
of the aileron would improve the control-force character-
1stics of a sealed-gap 0.20c¢c plain aileron. The applica-
tion of standsrd roughness to the &irfoll causss the hinge-
mment dDarameter to decreass in ugynitude for small values
of Aa, and to increase for large values of 4a,.

Balanced ellsron.- For cowy2risons of the three
ailerons of different contour with sealed internal balance,
the effecte of =small changses in the pressure difference
across the alleron seal and changes 1n wing roughness are
1mportant. TFor a conservetive design, the internally
balanced alleron siould be so nproportioned as.to avnid
overbalanrce when the wilrg hras the roughest surfacs trat
woulrd be exnected In service. For the sirfoll with
standard leadling-edge roughness, the chord of overhang

¢, Dhecessary to balence each azllsron to chﬁm = -0.001

was.computed by msans of the followling eguations:

Pgl/co®  [t/2\2]
= o <262 - ()| @

c
habalance 6no balanes



NACA ACR No. IL5F27 W 13

. ; - op op 2 v /2 2
n = °n *?a(r - (£
G@halence %no balance a a

[}
1 “hq
hﬁT hﬁ ( 5 cha (8

The computed overhangs cu/c, wers 0.536, 0.531, and

0.396, respectively, for the true-contour, straight-sideqd,
and beveled allerons. The hinge-roment coefflcients for
the anglo~of-attacx and aileron-deflection ranges ware
tasn calcvlated from the deta or the hlnge-moment and
seal~prassurz-cifference coefficients for the plain
alleron by use of syuations {1) and (Z). The approximate
lird. ting deflactions of the three ssaled internslly
balanced ailerons of true alrfoll contour, strnight sides,
and a bveveled tralling edge were t15°, +15° and x20°
regpectively. The maximum deflections were llmited by
the lengths of ths sealed lIlnterrnal balances.

Fnor ccmparison of three s¢slsd internally balanced
allerons, values of the hinge-wovrent neramster
bezn
Aaj7'5 are plotted agalnst aa, In flgure 2.

Figure ah gshows thrt the struisbt-sided aileron

sould wrovide the smallest contral force of

the three sealed internally balanced aillerons. The order
of merlt of the three ailernns changed when the internal
balance wes added because of the effects of alleron con-
tour on ths avallahla seal-pressare-difference cosfficient
at the higher aileron deflections. For a wing with a
smoother surface than that for which the conservative
amount of sseled intsrnal balancs was determined,

the control force Ifcr the stralipht-stded aillaron

would change tre least of the thrses zilsrons., This
small change in the control force for the strailght-
sided silleron can be seen in figure 2l by a comparison of

the values of __T7—I— for the smooth airfoll wlth those
a,/88g

for the airfoll with stunderd iessding-edze roughness.
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Irft

The effects of alleron contour, Reynolds nunber, and
standard alrfoll lsading-=dge roughness on the lift-curve
s lope Clq for the X¥ACA 651-210 elrfoll scctlon with the

alleron nz2utral are shovn In table II. A study of table II
ashows thsat cla is cheng=d by eithar roughness or

Reynolds nurbsr by less than 2 wcrcent rezardless of the
alleron contcur. A recduction in lift-curve slope, nowever,
of anproxinetely z aad 7 percenh, resnuctively, resulted
when the alleron wes chenzod froi: tas truz alrfoll contour
to streight sldes or to a beveled tralling edge.

A comparison of [igures 3, 10, and 16 shows thsat for
the alrfoll vith smo>th surfacss ths mexlmum section 1ift
coefficlient of the KACA 651-210 girfell section with the
alleron neutral wes spoprroxlmetely 5 percent less for the
medel with the stralcht-sided or Levsled atlerons than
with the truc-contour ellesron, Thkls locs in maxirmum sec-
tlon 11ft soefficient 1s attributed to the change 1n
cember over the reer puart of the alrfoll section caused
by the alleron-contour modification. A comparlson of fig-
ures 7, 13, snd 19 shbows that, for the alrfoll with
stendard lsadlnzg-edge rourhness, the maxirur ssctlon 1ift
coefficient was thre sare for the true-ccutour and stralght-
31ded allerorns but th=«t the maxinumr ssctloa 11ft coeffi-
cient for the beveled ailsron was less thaa thet for tha
trus~-contour elleron.

Pitching Moment

The 9ffect of alleron contour on the alrfoll ssction
vlteching moment 1s sinown 1n table II and figure 22. The
rate of change of C., wlth c becorss less nagatlve,

wrich cerrespondz to & forward =rift in thes eaerodynamlc
senter, as the anlleron contour is changed from the tras
alirfoll contour to straight sldes cr to & Huvelsd trallling
a¢ge. Thia chengse 1n serodjnamic center agzrces with the
rosults cf refersnces 5 end 6. 4An incrcass in ths

RQuyrolds numher fror 1 % 10° to 9 X 106 haa no aphreclable

offect on the variation of Cpy /] wlth 55 et a constant
section 11ft coefficlent of 0.807 (fiz. 22).
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Because the changes in section pltching moment of an
girfoll induced by alleron deflesctlion are of primary
importance in determining the lateral-control reversal
speed, the variation of the increment in section pltching-
moment coeffliclent Acmc/h wlth the equivalsnt change in

sectlon angle of attack required to malntaln a constant
section 1lift coefflclient was plotted for the three
allerons (fig. 25). The variation of Ae, A with Aa,
¢
was approximately the same for the three allerons tested
(fig. 25). The rate of chenge of Acmc/h wlth aaj

13 0.0205, which agrees with tlie theoretical and experi-
mentel values give: In relerenrce 7.

Drag

Tae effect of eileron zontour on the airfoll section
profile-drag cosfficlient 1s presented in figure 26.
With the aileron nsutrsl, changes in the elleron contour
within the range investigated =how no sigrniflicant =ffect
on the airfoll ssction »rcflle-dras characteristics.

Ths variastlion -f airfoll section profile-drag coef-
ficient cg_ with fection sagle of ettack a, for
variovs aileron deflections is presented in figure 6 Iozg
the true-cgntour alleron et Reynolds numbers of 1 X 10

and 9 X 12%, At 8 Raynolds numbsr of 9 X 10Y, a low=-
drag " bucket" was reslized at all alleron doflectlons
(fig. 6). Because the nhenge in eg ~ with alleron con-

tour was small with the alleron neutral, the section
proflle-dreg characterlstlics of the airlfoll wlith either
the stralght-sided or bevelsd ollarcn deflectsd would
probably be the sans as for the eirfoill wlth the true-
contour alleron.

CONCLUESIONS

A two-dimensional wind-tunnel investigatlon was made
of an NACA 651-210 sirfoll squipped vith three inter-
changeable sealed-gar 0.20-alrfoll-chord plain allorens
of different cortour. The alrfoil was tosted with smooth
surfaces and with standard leading-odge roughness. The
data obtained indicated the followlng conclusions:

1. Changing the sileron contour by thlckening or
beveling the tralling edze would cause
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(a) Ths aileron section effectiveness parareter ag
to decrease

(b} The rete of change of alleron section
hinge-moment coefifclent ¢, wlth both section anrzlse
or ettack a, and alleron " defiestlon 35, to

insreases posltively

(r) The rcts of cghargs o section 11ft coeffi-
cltont c¢; with eectlon vryie of attack aj to
dactrease

(3) The ezl sactlon M1ft coefliclent to
decregsc

{a) TL=2 eerad-nemic ceuter to chift forward

(f) The ircrement of zsction ritch’ug-uonent
coefficlert Lincfuced by alleron cdeilectlon at con-
stant 11ft to rewalin tha saas

(2) T™hs zection proiile-irag coseffizlent wita
the rlleion neutral tc renain svbatintially unaffected
tnrovghout the section anglas-nf-attuck renge

2. "te arplicsation of rourhmzcas to ths le2eding odgze
of the alrfnoil would accertuate the belincing ection of
tihe allercon end ths losz2 in alleron sffectiveness caused
by beveling the alleron trellins wige.

3. Tre 3ffent cf ailaeron contour on the hinzgs romsnts
of seeled intcrrally balurcad silerrns, =c sorputsd from
data cn the hinge-morent end seal-oressure~differonce cnsf-
ficlents of nlseln 2llerons, showed cn anrrezlebls z1'fasct
of alleron o-utour en the hinzce moments &t large alleron
deflectiors aven tnough ~ll three sllerons were coisuted
to huve tre zame hinge-romant slosz st =vrll deflectlions,

Langley ieiorial fircraatical Trior.tory
Netionel Advisary Oo:rwittse for Leroncutlics
Lengley TMLald, Ve,
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[Stations and ordinates given in

TABLE T

ORDINATES FOR NACA 65;-210 AIRFOIL SECTION

percent of airfoil chord]
'prer surface Lower surface
Station Ordinate Station Ordinate
o} 0 © 0 0
. 58 .B19 .565 -.719
. Z -999 .022 -. 059
1.169 1.273 1.331 -1.089
2.%08 1.757 2.592 -1.g 5
L,.898 2.1491 5.102 -1.859
7.39& 2,069 7.606 -2.221
.89 .55 10.106 -2.521
1l,..899 3.53 15.101 -2.922
19.909 1;.938 20.091 -3.3[L6
2li.921 5.397 25.022 -%.60
22.936 5.732 30.0 -5.58
3 -921 2-9 i 5.049 -3.89L
.968 .0 g 0.032 -5.923
EE.QBM 6.05 L5.016 -3.86
50.000 5.915 50.000 -3.709
B | | Bag | o
65foz 31712 23:9ZE -5.652
70.0L3 L.128 69.957 -2.18L
ESoohP 5-&59 7.-952 -1.689
o.oué 2.783 52.95 -1.191
35.038 2.057 1.962 -.711
90.028 1.327 89.972 -.293
95,011, 622 ol . 386 010
100.000 0 100.000 0
: ﬁ.E. radius: 0.68%
= Slope of radius through L.E.: 0.08L25
T — NATIONAL ADVISORY

COVNVMITTEE FOCR AEROLAUTICS
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TABLE II.- SECTION PARAMETERS MEASURED AT ¢, =

0° aND 6, = 0°

Aa .
EXCEPT FOR <§Eé> MEASURED AT" oy = 0.20 AND ¢, = 0.80
8/ =820°

s

surt R . - e - a B <AC°> <AGO o R p o Pl ‘-‘«c .
urface 1 ls 5 20 25, b, hg a s my My
¢ */0,=t20° 408 /5 =ta0° : ‘
(1) (2) (3
True-contour saileron

smooth |9 % 106]0,108 0.052,-0-h72' -0.455 -0.L49 -0.0066|-0.01%6|0.025|0.075|-0.0017| -0.0100
rough |9 x 108 .107| .oL9| -.Ls50 «Ji28 | —mmmmceea- -,0062] -.0122| .02L| .075|ccmwnca|mmncam-
emooth |1 x 108| .106| .053| -.490| =480 | ------ ceee | =00092| =.0134|==mme|-cean -.0008| ~.0100

Straightxsided aileron
Smooth |9 x 106|0.106 0.0501=0.1465| <-0.465 -0.480 =0.0050|-0.0112}0.029(0.07L | -0.0007| ~0.009L
Rough |9 106 .105| Joh7} -.450 =435} eeeceeae- -~ | =.0040f -.0110| .025| OTh|===ceselccmecan
smooth |1 x 106 .105| .051| -.485 =480 | ~ee--- ecee | «,0071] «.0113|=ce-c|-aa-a -.0002| -.0104

Beveled alleron

Smooth |9 x 106{0.100 0.0L46|-0.L60 «0.1459 -0.470 0.0069 }-0.0070(0.026/0.079| 0.0010|-0.0086
Rough |9 x 108| .100 OoLh2| -.415 «j00 | eemcaa- - 0019 -.0059¢1 .02l| .077| -==e-- R
Smooth |1 X 106 099 Joh7! =475 -.i5h ceemcceare | =,0027| =+0100|<=ece|emaea| ~,0001| «.0098
lrgmooth® ana "Rough" refer to the airfoil with asrodynamically smooth surfaces and with standard

leading-edge roughness.

2

ey = 0.20.

301 = 0.80.

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Figure l.- NACA 651—210 airfoil section with aileron, as tested in
Langley two-dimensional low-turbulence pressure tunnel.

*ON Y¥OV VOVN
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Radius = «019¢

< . 008(‘;-}—

Flexible seal (a) True-contour aileron .,

.200c

Radius = ,019¢
-008¢c

Flexible seal
‘ (b) Straight-sided aileron,

/&;7.0030
,//‘ Radius

+ 0l1.0c —o~

= .100c

Flexlble seal
(c) Beveled alleron,

’ NATIONAL ADVISORY

_ COMMITTEE FOR AERONAUTICS

Flgure 2 .- Sketch of the three sealed-gap plain allerons on the
NACA 651-210 alrfoll section.
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Figure 4 .- Hinge-moment characteristics of a sealed-gap 0.20c plain alleron of true
airfoll contour on an NACA 651-210 airfoll section. Tests, TT 847, 853.
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Flgure 8.- Hinge-moment characteristics of a sealed-gap 0.20c plain aileron of true
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roughness. R = 9 x 106; test, TOT 869.
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